BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a radar 

apparatus . 

Description of the Related Art 

An automotive radar using millimeter wave, or 
a high-frequency radio communication apparatus and 
radio terminal using waves in a frequency band of 300 
MHz or above contain a single multifunctional 
semiconductor device, a semiconductor integrated 
circuit (IC), an IC package which packages the ICs, a 
plurality of interconnected ICs or a high-frequency 
circuit element having a filter function in a housing. 
This is for the miniaturization, and cost reduction of 
the apparatuses, and to cope with multi- 
functionalization of the circuit element to be used. 

When packing many functional devices in one 
housing structure, if the size of the housing remains 
constant and the number of the functional devices 
increases, the physical distance between the functional 
devices will be decreased correspondingly, or the size 
of the housing will be larger than half the free-space 
wavelength at a signal frequency (for example, about 
1.95mm at 77GHz). In either case, radio energy of a 
signal frequency radiated from one point of IC or the 



like constituting a functional device within the 
housing is easily dissipated in the housing, and 
combines with a functional device within the same 
housing, thus causing various functional troubles. For 
example, if part of signals emitted from a transmission 
function device into the housing is coupled with a 
reception functional device, a communication 
transmitter-receiver or a transmitter-receiver module 
for automotive millimeter wave radar experiences a 
trouble such as the saturation of a receiver, an 
increase in received noise or the like. 

To cope with these problems, especially an 
interference problem in the housing, a conventional 
communication apparatus has divided the housing 
structure into a plurality of small rooms by metal 
partitions, or has provided a metal structure along a 
conventional communication path that serves as a cutoff 
waveguide structure for locally cutting off unnecessary 
irradiation. These conventional techniques require a 
complicated metal structure for the housing structure, 
and a division of high-frequency board of a passive 
circuit into a plurality of parts. Further, these 
structures and the division of the high-frequency board 
into a plurality of parts make the arrangement of 
semiconductor ICs and the passive circuit components 
more difficult, thus inhibiting mass production and 
cost reduction of the communication apparatus. 

JP-A-2000-307305 is among the conventional 



techniques for solving there problems. 

However, while the prevention in JP-A-2000- 
307305 proposes a mounting configuration in which a 
filter has a lid formed with projections by extrusion 
press, the invention does not refer to a relative 
positional relationship between the projections and the 
high-frequency circuit elements or passive components, 
and an optimal configuration of the projections on 
those positions. 

However, a dielectric resonator is generally 
used as an oscillator which is a high-frequency circuit 
element. Oscillation frequency of the oscillator 
changes a lot depending on the dielectric resonator and 
electric field conditions in the vicinity of the 
dielectric resonator. Thus, if there exist projections 
which are extrusion-pressed on the lid in the vicinity 
of the dielectric resonator, the oscillation frequency 
changes a lot depending on the shape and position of 
the projections, thereby making it very difficult to 
acquire a desired oscillation frequency. 

Since the projections are formed by press 
working, if the projections diminish in size, increase 
in height, or increase in number, pressing load is 
increased and thus the life of a press mold will be 
shortened. Therefore, it is necessary to arrange 
projections of optimal shape and height only at 
required places on the lid. 

It is an object of the present invention to 



provide a filter cover that has little electromagnetic 
effect on the dielectric resonator and is able to 
lengthen the life of the press mold without injuring 
isolation between transmission and reception. 

SUMMARY OF THE INVENTION 

Above object is achieved by a car-mounted 
radar apparatus comprising a dielectric resonator, a 
high-frequency oscillator connected to the dielectric 
resonator for generating a high-frequency, a cover for 
covering a base where a dielectric resonator and a 
high-frequency oscillator are deposited, and the 
dielectric resonator and high-frequency oscillator with 
a space therebetween, wherein the distance between the 
high-frequency oscillator and cover is a quarter or 
over of the effective wave length of the high-frequency 
oscillator. 

Above object is also achieved by a radar, 
apparatus comprising a dielectric resonator, a high- 
frequency oscillator connected to the dielectric 
resonator, a base on which the dielectric resonator and 
high-frequency oscillator are mounted, a cover bonded 
to the base for covering the dielectric resonator and 
high-frequency oscillator, in which the distance 
between the surface of the cover facing the dielectric 
resonator and the surface of the base facing the 
dielectric resonator is half or below of the effective 
wave length of the oscillator frequency, and the cover 



has periodic projections facing the dielectric 
resonator which are a quarter of the effective wave 
length of the oscillator frequency, wherein the nearest 
distance between the surface of the dielectric 
resonator facing the cover and the surface of the cover 
facing the dielectric resonator is a quarter or over of 
the effective wave length of the oscillator frequency. 

Above object is also achieved by a radar 
apparatus comprising an MMIC that includes an 
oscillator, an amplifier and a mixer, a circuit board 
on which the MMIC is mounted and connected, an antenna 
board on which antennae are mounted, a base on which 
the circuit board and antenna board are mounted and a 
coaxial cable or waveguide which passes through the 
base and connects the circuit board and antenna board 
is held, and a cover which is bonded to the base to 
cover the MMIC and circuit board, and is provided with 
projections facing the MMIC and circuit board, wherein 
at least any of the pitch, size, and shape of the 
projections formed on a place of the cover unit facing 
the coaxial cable or waveguide differs from that of the 
projections formed on other place than the foregoing of 
the cover unit. 

Other objects, features and advantages of the 
invention will become apparent from the following 
description of the embodiments of the invention taken 
in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A to 1C are diagrams showing a first 
embodiment according to the present invention; 

Figs. 2A and 2B are a graph and a diagram, 
respectively, for complementing the first embodiment 
according to the present invention; 

Figs. 3A to 3C are diagrams showing an 
application example 1 of the first embodiment according 
to the present invention; 

Figs. 4A to 4C are diagrams showing an 
application example 2 of the first embodiment according 
to the present invention; 

Figs. 5A to 5C are diagrams showing an 
application example 3 of the first embodiment according 
to the present invention; 

Figs. 6A to 6C are diagrams showing an 
application example 4 of the first embodiment according 
to the present invention; 

Figs. 7A to 7C are diagrams showing an 
application example 5 of the first embodiment according 
to the present invention; 

Fig. 8 is a view showing a second embodiment 
according to the present invention; 

Fig. 9 is an enlarged view of a section A in 

Fig. 8; 

Fig. 10 is a sectional view taken along B - B 

in Fig. 8; 

Fig. 11 is an enlarged view A in Fig. 8; 
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Fig. 12 is a sectional view taken along B - B 

in Fig. 8; 

Fig. 13 a structural view showing a car- 
mounted radar using a transmitter-receiver according to 
5 the present invention; and 

Fig. 14 is a circuit diagram for a car- 
mounted radar using a transmitter-receiver according to 
the present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

10 A radar apparatus according to the present 

invention will be described with reference to Fig. 1. 

Fig. 1 shows oscillation unit of a high- 
frequency module, which comprises a dielectric 
resonator 1, a high-frequency oscillator 2 connected to 

15 the dielectric resonator 1, a base 3 where the 

dielectric resonator 1 and high-frequency oscillator 2 
are mounted, and a cover unit 4 bonded to the base 3 
for covering the dielectric resonator 1 and high- 
frequency oscillator 2, wherein the distance H between 

20 the surface of the cover unit 4 facing the dielectric 
resonator 1 and the surface of the base 3 facing the 
dielectric resonator 1 is half or below of the 
effective wave length of the frequency of the 
oscillator 2, and the cover. unit 4 has periodic 

25 projections 5 facing the dielectric resonator 1 which 

have a length L, a quarter of the effective wave length 
of frequency of the oscillator 2. 



Fig. 2A and 2B will be described. 

Fig. 2A shows that resonance frequency fO 
changes as the distance M between a dielectric 
resonator and an outer wall 11 changes. 

A graph of solid line in Fig 2A shows that 
sensitivity of resonance frequency relative to M begins 
to decrease from about one eighth of wavelength at 
resonance frequency fO, and there is no sensitivity at 
about a quarter of wavelength. Further, a graph of 
broken line shows a cut off frequency relative to M. A 
point P shows that the frequency of the dielectric 
resonator 1 just matches the cut off frequency, and if 
M is not smaller than a value represented by the point 
P, a noise level at the frequency band fO will rise. 

Therefore, preferably, l/4lO^M > X . 

Now, return to Fig. 1. 

Here, note that projections 5 are not formed 
on at least a portion of the cover unit 4 facing the 
dielectric resonator 1. At this time, since H is set 
to be a little bit smaller than 1/2 X, and the height of 
the dielectric resonator 1 is generally smaller than 
1/4 X 0, the distance between the dielectric resonator 1 
and the cover unit 4 becomes 1/4/LO^M, and the 
oscillation frequency does not change depending on the 
presence or absence of the filter cover unit 4. 
Further, desired oscillation frequency is easily 
acquired, and since frequency band at fO is cut off 
frequency or below, it is possible to suppress the 
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noise level. Thus, it can be said that this filter 
cover structure is highly superior. It should be noted 
that the dimensions of X and Y of the portion where the 
intrusions 5 are not formed are far enough from the 
5 frequency fl acquired from the following expression (1) 
such that they do not resonate with fO as a cavity 
resonator . 

fl = C/2X/~ ( (m/x) 2 + (n/Y) 2 + (s/H) 2 ) 

• • • (1) 

10 C: velocity of light, m, n, s: resonation 

mode 

Specific dimensions are as below; 
Dimension of the dielectric resonator 1 : 
□1.3 2mm X 0.53mm 
15 H=1.9mm 
L=0 . 9mm 

M=l. 9-0. 53=1. 37mm 
X=3 . 5mm 

f 0=7 6. 5GHz X 0=3 . 9mm 
20 However, the shape of the dielectric 

resonator is not necessarily square, and a round or a 
just polygonal shape is acceptable. 

When a wave absorber 12 is mounted on a 
portion as shown in Figs. 3A, and 3B that corresponds 
25 to that in Figs. 1A and IB where projections were not 
formed, it can compensate the filter characteristics 
that were lost due to the lack of the projections 5, 
and frequency variation caused by the cover unit 4 is 



minimized. Thus, it can be said that the filter 
structure is highly superior. 

Further, the deterioration of filter 
characteristics is prevented and frequency variation 
caused by the cover unit 4 is minimized by forming a 
few projections 51 as shown in Figs. 4A and 4B, while 
satisfying 1/4 ^^M. Thus, it can be said that the 
filter structure is highly superior- 
Further, deterioration of filter 
characteristics is prevented and frequency variation 
caused by the cover unit 4 is minimized by forming 
projections 52 as shown in Fig. 5A, which are smaller 
in shape than other projections, on portions 
corresponding to those in Fig. 1A where projections 5 
were not formed. Thus, it can be said that the filter 
structure is highly superior. 

Next, description will be given of the filter 
cover unit structure 4 whose filter characteristics are 
provided by wave absorber 12 instead of projections 
with reference to Figs. 6A, and 6B. In this case, if 
the dielectric resonator 1 is near to the wave absorber 
12, oscillation frequency also changes a lot depending 
on the presence or absence of the filter cover 4. 
Therefore, to cope with this, the wave absorbers 12 
formed on a portion corresponding to that in Fig. 1, 
where projections 5 are not formed, are taken out as 
shown in the Figs. 6A and 6B. With this, a filter 
cover unit having the same effect with that in Fig. 1A 



and IB can be provided. Here, a material or a 
structure, that absorbs electric wave better than the 
cover unit 4, is used for the wave absorber 12. 

Further, the deterioration of filter 
characteristics is prevented and the frequency 
variation caused by the cover unit 4 is minimized by 
satisfying 1/4 X while forming a few wave absorbers 

121, as shown by Figs. 7A and 7B, on a portion 
corresponding to a portion in Fig. 1A where the 
projections 5 are not formed. Thus, it can be said the 
filter cover structure is highly superior. Thus, it 
can be said that the filter. structure is highly 
superior . 

Another filter cover unit 4 according to the 
present invention will be described with reference to 
Fig. 8. 

Fig. 8 shows a transmitter-receiver. It 
comprises a MMIC (Monolithic Microwave Integrated 
Circuit) including an oscillator 2, an amplifier 6, and 
a mixer 7, a circuit board 8 where the MMIC is mounted 
and connected, an antenna board 9 where antennae are 
disposed, a base 3 where a coaxial cable 10 or a 
waveguide, which passes through the base to connect the 
circuit board 8, and antenna board 9 are held, and a 
cover unit 4 which is bonded to the base 3 to cover the 
MMIC and circuit board 8 and is provided with 
projections 5 on the side thereof facing the MMIC and 
circuit board 8. 
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The projections 5 are formed by press 
working. As the projections reduce in size, increase 
in height, or increase in number thereof, a pressing 
load increases correspondingly and thereby shortens the 
life of a press mold. Therefore, projections must be 
formed that have an optimum shape and height only at 
necessary locations on the cover unit 4. 

Here, the pitch, size and shape of 
projections formed on a place of the cover unit 4 that 
faces the coaxial cable 10 or waveguide are changed 
from those of the projections formed on other place of 
the cover unit 4 than the forgoing place as shown by 
projections 51 and 52 in Fig. 9. 

Although unwanted electric wave is 
irradiated, at this time, due to unmatched impedance at 
a converting portion of a transmission path from the 
coaxial cable 10 or waveguide to the circuit board 8, 
the dissipation of the unwanted electric wave is 
suppressed by forming smaller projections 51 at a place 
of the cover unit 4 that face the coaxial cable 10 or 
waveguide. At the same time, larger projections 52 are 
formed on a place of the cover unit 4 other than the 
foregoing one, thus making it possible to lengthen the 
life of the press mold. It can be said that the filter 
cover structure is highly superior. 

Specific dimensions are as below; 

Projections 51: 0.5mm x 0.8mm 

Projections 52: 0.7mm x 0.8mm 



Further, the pitch, size, and shape of the 
projections formed on a place of the cover unit 4 that 
faces the coaxial cable (transmission side) 101 - 
coaxial cable (reception side) 102 are changed from 
those of the projections formed on a place of the cover 
unit 4 that faces a coaxial cable (reception side A) 
1021 - coaxial cable (reception side B) 1022, as shown 
by projections 51 and 52 in Fig. 10. 

Since the level of power radiated from the 
coaxial cable (transmission side) 101 differs from the 
level of power radiated from the coaxial cable 
(reception side) 102, and the distance between the each 
cable also differs, the isolation level required 
between the coaxial cable (transmission side) 101 and 
the coaxial cable (reception side) 102 differs from 
that required between the coaxial cable (transmission 
side A) 1021 and coaxial cable (reception side B) 1022. 

At this time, isolation can be secured even 
in a short distance by forming smaller projections 51 
on a place of the cover unit 4 that faces the coaxial 
cable (reception side A) 1021 - coaxial cable 
(reception side B) 1022. Further, the life of the 
press mold can be lengthened by forming larger 
projections 52 on a place of the cover unit 4 that 
faces the coaxial cable (transmission side) 101 - the 
coaxial cable (reception side) 102. Thus, it can be 
said that the filter cover structure is highly 
superior . 



Specific dimensions are as below; 
Projection 51: 0.5mm x 0.8mm 
Projection 52: 0.7mm x 0.8mm 

Next, description will be given of a filter 
cover unit 4 whose filtering characteristics are 
provided by wave absorber instead of projection with 
reference to fig. 11. In this case, as is the case 
with Fig. 9, the wave absorber 121, a material having 
high wave absorptivity, is formed on a place of the 
cover unit 4 that faces the coaxial cable 10 or 
waveguide, while a wave absorber 122, a material having 
low absorptivity, is formed on other place of the cover 
unit 4 than the foregoing one, thus dissipation of 
unwanted wave being suppressed. Further, the wave 
absorbers are efficiently used, since a material having 
high absorptivity is generally expensive. Thus, it can 
be said that the filter cover structure is highly 
superior . 

In Fig. 12, projections 51 and 52 used in 
Fig. 10 are replaced by wave absorbers 121, and 122, 
respectively. Wave absorbers, which are expensive, are 
also efficiently used here, and thus it can be said 
that the filter cover structure is highly superior. 

Next, description will be given of a car- 
mounted radar using the transmitter-receiver shown in 
Fig. 8 with reference to Figs. 13 and 14. Its 
structure will be described with reference to Fig. 13. 
Power is supplied from a connector 50 to a signal 



processing circuit 51, and the signal processing 
circuit 51, at the same time, supplies predetermined 
power to the transmitter - receiver 59 via a cable 52. 
With this, an oscillator 53 generates millimeter wave 
of 76.5GHz, which is amplified by an amplifier 54 and 
fed to a transmission antenna 57 via a coaxial cable 
56. Millimeter wave is transmitted from the 
transmission antenna 57, and the reception antenna 58 
receives reflected wave after striking a target. 
Received wave is down-converted with transmission wave 
by a mixer 55, and transmitted as an IF signal to the 
signal processing circuit 51 via the cable 52. A 
relative speed, a distance, an angle and the like 
between a car or the like on which the radar is mounted 
and a target are calculated. These results are 
outputted via the connector 50. 

A circuit will be described with reference to 

Fig. 14. 

A car-mounted radar comprises a antenna unit 
including a transmission antenna 57 and reception 
antennae 581, 582, a high-frequency wave unit, and a 
control unit. 

The high-frequency unit has a transmission 
function for outputting a high-frequency signal, which 
is outputted by the oscillator 53 and amplified by the 
amplifier 54, to a space in front of a car via the 
antenna 57, and a reception function for extracting a 
Doppler signal which is acquired by down-converting a 



reflected wave from a target that is received by the 
reception antenna 531, 582 and an output signal of the 
oscillator 53 by the mixers 551, 552. It should be 
noted that the oscillator 53, amplifier 54, mixers 551, 
552 comprise an integrated circuit such as MMIC 
(Monolithic Microwave Integrated Circuit) or the like. 

The control unit digitizes a Doppler 
frequency which the high-frequency unit outputted in a 
signal processing circuit 51, and then calculates a 
distance, a relative speed, and an angle to a target by 
signal processing based on various algorithms. 
Further, a power source unit 60 in the control unit has 
a function to supply bias supply to each MMIC of the 
high-frequency unit . 

According to the present invention, it is 
possible to fabricate a filter cover which has little 
electromagnetic effect on a dielectric resonator. 

It is also possible to fabricate a filter 
cover which is able to lengthening the life of a press 
mold without impairing isolation between transmission 
and reception. 

It should be further understood by those 
skilled in the art that although the foregoing 
description has been made on embodiments of the 
invention, the invention is not limited thereto and 
various changes and modifications may be made without 
departing from the spirit of the invention and the 
scope of the appended claims. 



